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ABSTRACT

Transformations have been derived, using
matrix methods, which convert geographic solar
time and position to geomagnetic time and posi-
tion in both the centered and eccentric dipole
coordinate systems. A computer program has
been set up to facilitate the use of the trans-
formations,
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A CALCULATION OF GEOMAGNETIC TIME

INTRODUCTION

The concept of local geomagnetic time has proved to be useful in the interpretation
of auroral and other phenomena associated with the earth's geomagnetic field. The con-
cept of geomagnetic time was first introduced by Vegard (1) in connection with auroral
studies. Vegard considered an earth-centered geomagnetic coordinate system. In this
centered dipole system the local geomagnetic time at an observing station is defined as
the hour angle of the sun relative to the local magnetic meridian in the earth-centered
geomagnetic coordinate system, whose north pole is near Thule, Greenland. Later
Vestine (2) suggested that time based on the eccentric dipole is more useful for studying
time-varying geomagnetic phenomena. For eccentric dipole time, the local geomagnetic
time of a point P is defined as the hour angle between two planes — namely, the plane de-
fined by the magnetic dipole axis of the earth and a point located at the center of the sun
and the plane defined by the magnetic dipole axis of the earth and the geographic point P.

Several discussions of geomagnetic time in both the centered and eccentric dipole
coordinate systems have been published (3,4). Previous derivations have often used
methods which are less than straightforward. Therefore, it is useful to provide a dis-
cussion of geomagnetic time using an alternate technique (matrices) and a computer pro-
gram to facilitate its employment.

CENTERED DIPOLE TIME

Converting from the geographic coordinate system to the centered geomagnetic sys-
tem involves three rotations, since both coordinate systems have the same origin. The
geographic system is shown in Fig. 1. S, is the unit solar vector and is given in column
wmatrix form by

- cos (180 - wt) cos &
S =
€ |sin (180 - wt) cos & 1)

sin &
where & is the solar declination (measured positive north of the equator), t is Green-

wich time, and » is 15 degrees/hour. The unit vector representing the direction of the
observing station P, is given by

. cos ¢g cos )‘g
P, =
¢ cos ¢, sin Ay, (2)

sin qsg

where ¢, is the latitude and A, is the longitude measured east of Greenwich.
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Fig. 1 - Geographic coordinate system

The centered geomagnetic system is easily defined in terms of an Euler coordinate
system., The geomagnetic polar axis m, is about 11.7 degrees from the geographic north
pole on the 291-degree geographic longitude meridian. The transformation matrix from
the geographic to the centered geomagnetic system (5) is

cos ¥ cos ¢p-cos @ sin ¢ sin ¥ cos ¥ sin ¢+ cos 0 cos ¢ sin ¥ sin ¥ sin 4

A= |-sin ¥ cos ¢ -cos 0 sin ¢ cos ¥ -sin ¥ sin ¢+ cos § cos ¢ cos ¥ cos ¥ sin ¢ (3)
sin 0@ sin ¢ -sin § cos ¢ cos 6

where ¢ is 11.7 degrees, ¢ is 21 degrees, and ¥ is -90 degrees, since the geomagnetic
prime meridian is intersected by # and the geographic north pole (Fig. 2).

Then in geomagnetic coordinates, the unit vectors become

and (4)
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Fig. 2 - Centered dipole coordinate system

The geomagnetic hour angle ¢,, can then be found from

Am
t :T-l- Tm, (5)

m

where ), is the geomagnetic longitude of B, and T, is the hour angle of S. relative to
the prime meridian. The longitude is given by ‘

Pom
tan A, = P—zlm , (6)
while T, is obtained from
S
tan (180 - oT,) = g (7)

The geomagnetic latitude of f’,,,, b is given by

cos (90 - ¢,) = Py, . (8)
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ECCENTRIC DIPOLE TIME

The eccentric dipole coordinate system is obtained by laterally displacing the cen-
tered dipole without changing its orientation. The eccentric dipole unit vector E is shown
relative to the centered dipole unit vector m in Fig. 3. The vector defining the displace-
ment between the two coordinate systems D, is given (in geographic coordinates) by

cos 15.6 cos 150.9
D, = |dl|cos 15.6 sin 150.9 |, 9)

sin 15.6

where the magnitude of the displacement |d| is 0.0685 earth radii (6).
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Fig. 3 - Eccentric dipole coordinate system
referenced to centered dipole system

Because the eccentric coordinate system is obtained by a translation of the centered
system, the sun's orientation is the same in both systems (the sun is assumed to be in-
finitely distant). Therefore, only the p081t10n matrix must be translated into the new sys-

tem to determine eccentric dipole time. In the centered system the position of the ob-
serving station is

Pgp=P_-D_, (10)
where

D, = 4D, (11)
and

P =|plP,. (12)
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The absolute value of P, |p| is the distance of the observing station from the center of
the earth.

In analogy to centered time, the eccentric time is
5.
“E T, (13)
The eccentric longitude Ag is given by

P
E
tan Ag = ‘i, (14)
1

where Pir and P,g are components of the unit vector

Py LB (15)

In addition the eccentric dipole latitude ¢z is given by
cos (90 - ¢g) = P3p. (16)

A Fortran computer program is given in the Appendix which accepts the solar decli-
nation, Greenwich time, and geographic latitude and longitude of an observation station
and produces time, latitude, and longitude in both the centered and the eccentric dipole
systems. Several examples are presented using the QGO-IV satellite as the observing
station.

CONCLUSIONS

Formulas have been derived using matrix methods to provide conversions from
geographic time and position to time and position in two geomagnetic coordinate systems.
A computer code is also provided which calculates time with respect to both the centered
and the eccentric geomagnetic dipoles.
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Appendix

PROGRAM MAGTIMF

THIS PROGRAM CALCULATLES LOCAL TIME IN BOTH THE CENTERED AND
ECCENTRIC MAGNETIC DIPLOE SYSTEMSe ALSOs LATITUDE AND LONGITUDE ARE

CALCULATED IN EACH SYSTEM.

NAONNN

FORMAT (F1Ca5)

FORMAT (13)

FNARMAT (2F10,5)

FORMAT (/% SOLAR DECLINATION = % F10.5 /// B8X*GEOGRAPHIC* 10X.
$*GEOMAGNETIC —— CENTERED*3X*¥GLULOMAGNETIC ~—~ELCCENTRIC* / * GMT*5X
SHLAT e %#3X
SHLONG o % EXH¥TIME*#4X*¥L AT oe% 3X¥LUNGe#*OX%#TIME#4X¥LAT e ¥3X¥LONGe¥* //)

6 FORMAT(1Xs3(F6e1s2F8e254X))
7 FORMAT(A8)
77 FORMAT(1H1s,A8) .
DIMFENSION S(3)s DMAG(3)sPE(3)s P(3)s D(3)
DIMENSION A(3,3)s SM(3), PM(3),DM(3)
C ALT 1S THE ALTITUDE (KMe) OF OBSERVATION POINTe RE IS THE RADIUS OF
C THE EARTHe OM IS 15 DEGREES / HOUR.

Ut N =

ALT = 100.
RE = 6371,
CM = 15e.

R = ALT + RE
C THE ROTATION MATRIX. A(IsJ) FROM GEQOGRAPHIC COORDINATES TO CENTERED
C GEOMAGNETIC COORDINATES IS NOW DEFINED.

TH = 117

PH = 2140

Alls1) = COSD(TH)I%*SIND(PH)

A(ls2) = —COSD(TH)*COSD(PH)
A(l1s3) = —=SIND(TH)

A(241) = COSD(PH)

Al(2y2) = SIND(PH)

A(293) = 0o

A(35s1) = SIND(TH)*SIND(PH)

Al342) = —-SIND(TH)*COSD(PH)
A(343) = COSD(TH)

C D(I) IS THE DISPLACEMENT VECTOR OF THE ORIGIN OF THE ECCENTRIC DIPOLE
C SYSTEM (IN GEOGRAPHIC COORDINATES).

DVAL = «0685%RE _
D(1) = COSD(15049) * COSD(15e6) *DVAL
D(2) = SIND(15049) * COSD(15+6) *DVAL
D(3) = SIND(15.6)  #DVAL

C READ IN THE DATE, NUMBER OF POINTS FOR THAT DATE AND THE SOLAR
C DECLINATION.
12 READ (357) DATE

WRITE(1,77)DATE

READ (352) IMAX

READ (3s1) SUNDEC

WRITE (1ls5) SUNDEC

DO 4 1I=1,IMAX
C NOW READ THE GREENWICH MEAN TIME FOR- EACH POINT ALONG WITH THE
C LATITUDE AND LONGITUDE (GEOGRAPHIC).

READ (3s3) GMTs GLATs GLON
C CONVERT TIME TO FRACTIONS OF HOURS.

CALL TCONVI(GMTsT,C)
C P(I) IS THE OBSERVATION POSITION VECTOR AND S(I) IS .THE SOLAR

7
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C DIRECTION.

P(1) = COSD(GLON)#COSD(GLAT)#R

P(2) = SIND(GLON)#COSD(GLAT)*R

P(3) = SIND(GLAT) #R

S{1) = COSD(18C.~0OM*T) * CCSD(SUNDEC)
S(2) = SIND(18C.~OM#*T) * COSD(SUNDEC)
S5(2) = SINDISUNDFC)

C ROTATE INTO CENTERED GEOMAGNETIC COORDINATES.
DO 39 1=1,3
DM(1)=0e
SM(1)=0.,
39 PM(T1)=0Ce
DO 20 I=1,3
DO 30 J=1,3
DM(I)= A(I,J)#D(J)+ DM(I)
SMUI) = A(IsJ)%S{JI+SM(T)
30 PM(I) = A(IsJI*P(J)+PM(I)
C CALCULATE GFOMAGNETIC UNIVERSAL TIMF, LONGITUDE, LATITUDE AND LOCAL
C TIME.
UTMAG = {180.—ATANQ(SMI{1)sSM(2))%574296)/0M
IF (UTMAG) 13,114,514
13 UTMAG= UTMAG+24.
14 CONTINUE
¢ NOTE THAT ATANQ ACCEPTS THE X AND Y COMPONENTS AND RETURNS TFE ANGLE
C IN THE CORRECT QUADRANT.
XMAGLON ATANQ(PM(1)sPM(2))%574296
XMAGLAT 90—~ ACOS(PMI(3) /R)I*5H7.296
TIMMAG = XMAGLON/OM + UTMAG
IF (TIMMAG-244) 40540541
41 TIMMAG = TIMMAG-24.
40 CONTINUE
C NOW DO DISPLACEMENT INTO ECCENTRIC SYSTEM,
DO 10 I=1,3
10 PE(I)= PM(1)= DM(1)
PEVAL= SQRT( PE(1)¥PE(1)+PE(2)*PE(2)+PE(3)*PE(3) )
DO 11 1I=1,3
11 PE(I)= PE(I)/PEVAL
ECCLON= ATANQ(PE(1l)s PE(2) )%#57.296
ECCLAT= 9Ce— ACOS(PE(3) )%57.296
TIMECC = ECCLON/OM + UTMAG
IF (TIMECC=24.) 440+44045441
441 TIMECC = TIMECC-24.
440 IF (TIMECC) 15,516,416
15 TIMECC= TIMECC+24,
16 CONTINUE
C CONVERT TIME TO HOURS AND MINUTES
CALL TCONVI(TIMMAG,TIMMAG,1)
CALL TCONV(TIMECC,TIMECC,1)
CALL TCONVI(Ts Ts1)
WRITE (196) TsGLATsGLON>TIMMAG s XMAGLAT s XMAGLON s TIMECC,ECCLAT,
$ECCLON
4 CONTINUE
GO TO 12
END
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SUBROUTINE TCONV (T,TCsI)
C
CesTHIS CONVERTS T(HOURSsMIN) TO TC(FRAC. OF HOURS) IF 1=0 eeeVICE VERSA IF I=1
C
IF (1) 1,1,2
1 N=T/100.
TEMP=N
TFRAC= (T-TEMP#13C4)/ 6C.
TC= TFMP+ TFRAC
RETURN
2 N=T
TEMP=N
TFRAC= (T-TEMP)* 60.
TC= TEMP#*1(0e + TFRAC
RETURN '
END
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670927
SALAR DECLINATION = -1.50000
GEOGRAPHIC GEGMAGNETIC -- CENTERED GEOMAGNETIC --ECCENTRIC
GMT LAT, LONG., TIME LAT, LONG. TIME LAT, LONG.

6.0 77.00 -154.80 1051.3  73.23 231.03 1106.3 76,75 234.78
15.8  68.10  ~4.60 157.5  70.26  95.15 123.5 67,92  86.65
56,0 =-75.20 10.40 2320.9 -69.59  46.05 2316.0 -66,27 44,83

105.4 -67.70 163.10 1355.2 -72.41 262.27 1436.6 -74.97 272.63

243,6 -66.10 139.20 1322.5 -75.39 229.38 1338.1 -79,15 233.27

323.4  82.70 170.50 1215.6 73.38 202.50 1156.6  76.83 197.75

422.0 =-63.80 1+5.40 1216.6 =-75.44 187,74 1136.5 -78.,60 177.73

955.5 84.90 91i.10 1657.2 73.41 173.92 1612.4 75,70 162.73

1132,5 82.80 48.40 1723.1 73.70 156.64 1629.8 74,96 143,30
1354.,4 -60,10 1%6.70 222.6 -64,94 256,45 248.0 -~67,79 262,79
1445 ,6 74.60 18,50 1641.6 78.05 98,36 1547 ,5 75,69 84,82
1531.2 -56,30 141.50 147.2 -65,73 223,24 151.0 -69,47 224,18
1538,6 -83.,40 170.20 843.9 -79,95 325,53 956.,9 -78,36 343,79
1708,4 -54 .00 116.60 104 -65,62 187,99 43.0 -68,78 182,52

1759,2  67.60 72,00 1259 79.27 353.85 134%.,3 76,25 5,22
1847.5 -58.,90 92.89p 22 -69.72 152.27 2338.7 -71.01 141.41
1¢55,2 -85.80 1P4.70 1306.4 =-80.87 341.41 1410.7 ~78.47 357,48

.8

1717.4 -85.80 179.50 1117.3 =-79.09 338.83 1215.5 -76,89 353.36
.8
.1
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